



















































































































































This	 summary	 is	 split	 according	 to	areas	of	 interest	 to	users:	Climate	 forcing,	 regional	 air	quality,	
and	 stratospheric	 ozone.	 Specific	 attention	 is	 given	 to	 the	 ability	 of	 the	CAMS	 system	 to	 capture	
recent	 events.	 We	 focus	 on	 the	 'o-suite'	 composition	 fields,	 which	 are	 the	 daily	 analyses	 and	
forecasts	produced	by	the	C-IFS	(Composition-IFS)	modelling	system	at	ECMWF,	using	the	available	












GAW	 and	 ESRL	 networks,	 IAGOS	 airborne	 data	 and	 ozone	 sondes.	 For	 free	 tropospheric	 ozone	
against	sondes	the	o-suite	modified	normalized	mean	biases	(MNMBs)	are	on	average	smaller	±10%	
over	the	Northern	Hemisphere	(NH),	and	between	±	20%	for	stations	in	the	Tropics	(Fig.	S1).	This	is	
an	 improvement	 compared	 to	 the	 control	 experiment	 without	 the	 assimilation	 of	 composition	
observations.	For	September	to	November	2016	good	agreement	is	found	over	the	NH	mid	latitudes	
in	 the	 free	 troposphere,	 which	 is	 confirmed	 with	 IAGOS	 evaluations	 over	 Paris,	 Amsterdam	 and	
Frankfurt.		
The	o-suite	shows	an	overestimation	of	surface	ozone	for	Europe	during	September	and	November	
2016	 with	MNMBs	 of	 around	 10%	 on	 average.	 For	 USA	 the	 o-suite	 shows	 an	 overestimation	 of	
surface	ozone	of	around	15%	on	average.	For	Asia,	the	o-suite	shows	an	overestimation	of	surface	
ozone	 MNMBs	 of	 around	 35%	 on	 average.	 For	 the	 tropics,	 the	 surface	 ozone	 is	 overestimated	
















Model	 validation,	 with	 respect	 to	 SCIAMACHY/Envisat	 NO2	 data	 before	 April	 2012	 and	 GOME-
2/MetOp-A	NO2	data	afterwards,	shows	that	tropospheric	NO2	columns	are	well	reproduced	by	the	
NRT	 model	 runs,	 indicating	 that	 emission	 patterns	 and	 NOx	 photochemistry	 are	 generally	 well	
represented,	 although	 modelled	 shipping	 signals	 are	 larger	 than	 the	 satellite	 retrievals.		
Tropospheric	NO2	columns	over	some	emission	hotspots	are	overestimated.	Since	December	2014,	
the	 agreement	 between	 satellite	 retrievals	 and	model	 results	 for	 time	 series	 over	 East-Asia	 and	
Europe	is	better	than	for	previous	years	(Fig.	S2),	as	observed	columns	of	NO2	decreased	recently,	
likely	 associated	 with	 reduced	 emissions.	 Spring	 and	 summertime	 values	 over	 East-Asia	 are	
overestimated	by	the	o-suite	in	2015	and	2016,	a	feature	which	does	not	occur	for	previous	years.	
Compared	 to	 satellite	 data,	 tropospheric	 background	 values	 over	 Europe,	 Africa	 and	 South	





Model	 validation	with	 respect	 to	 GAW	 network	 surface	 observations,	 IAGOS	 airborne	 data,	 FTIR	
observations	 (NDACC	 and	 TCCON)	 and	 MOPITT	 and	 IASI	 satellite	 retrievals	 reveals	 that	 the	
seasonality	of	CO	can	be	reproduced	well	by	both	model	versions.	A	small,	consistent	negative	bias	
of	-5%	against	MOPITT	appears	in	the	o-suite	throughout	the	year	over	Europe	and	the	US,	but	for	
the	 latest	 periods	 (JJA,	 SON)	 it	 is	 further	 reduced.	 Also	 compared	 to	 IAGOS	 aircraft	 observations	























better	 to	 satellite	 and	 surface	 CO	 observations.	 The	 forecasts	 (D+1,	 D+4)	 are	mostly	 identical	 to	
analysis	(within	1%	difference).		
Formaldehyde	
Model	 validation,	 with	 respect	 to	 SCIAMACHY/Envisat	 HCHO	 data	 before	 April	 2012	 and	 GOME-
2/MetOp-A	HCHO	data	afterwards,	shows	that	modelled	monthly	HCHO	columns	represent	well	the	
magnitude	 of	 oceanic	 and	 continental	 background	 values	 and	 the	 overall	 spatial	 distribution	 in	
comparison	with	mean	satellite	HCHO	columns.	Compared	to	GOME-2	satellite	retrievals,	 there	 is	
an	 overestimation	 of	 values	 for	 Northern	 and	 Central	 Australia	 and	 Central	 Africa.	 As	 for	




























We	estimate	 that	 the	o-suite	 aerosol	optical	 depth	 showed	an	average	positive	bias	 in	 the	 latest	
three	 months	 of	 +24%,	 measured	 as	 modified	 normalized	 mean	 bias	 against	 daily	 Aeronet	 sun	
photometer	data.	 The	+3	day	 forecasted	aerosol	distributions,	 since	 July	2012,	 show	10-30%	 less	
aerosol	 optical	 depth	 (AOD)	 than	 those	 from	 the	 initial	 day,	 as	 shown	 all	 in	 Figure	 S3a.	 The	
correlation,	 shown	 in	 figure	 S3b,	 shows	 month-to-month	 variation	 ranging	 from	 0.65	 to	 0.85,	
indicating	the	simulation	reproduces	approximately	50%	of	the	day	to	day	AOD	variability	across	all	
Aeronet	 stations.	 The	 more	 steady	 performance	 of	 the	 o-suite	 over	 the	 year	 indicates	 that	
assimilating	MODIS	deep	blue	product	since	September	2015	improves	aerosol	AOD	simulation.	The	




The	regional	AOD	performance	of	 the	o-suite	with	respect	 to	the	AERONET	data	exhibits	 less	and	




















































































and	 PM10	 concentrations	 decreased	 by	 50%	 compared	 to	 earlier	 validation	 reports,	 eg	 those	 in	
2015.	An	evaluation	of	these	PM10	surface	concentrations	against	a	climatological	average	(2000-
2009)	at	150	background	sites	in	North	America	and	Europe	indicates	overestimations	at	some	sites	
closer	 to	 the	 coast,	 possibly	 due	 to	 high	 simulated	 sea	 salt	 concentrations.	 However,	 PM10	
concentrations	more	 inland	 exhibit	 an	 underestimation	with	MNMB	bias	 of	 -30%	both	 in	 Europe	
and	North	America.	
From	 September	 to	 November,	 dust	 activity	 is	 low	 over	 Northern	 Africa	 and	 the	Middle	 East	 in	
comparison	the	previous	season.	Satellites	show	that	major	dust	activity	 is	concentrated	over	the	
Sahara	 (in	 the	Bodelé	Basin	and	the	Mali/Mauritania	border),	 the	dust	corridor	of	North	Western	
Maghreb	and	Iraq.	CAMS	o-suite	model	can	simulate	the	main	areas	of	dust	activity	in	comparison	
with	 MODIS	 and	 the	 SDS-WAS	 multimodel	 product,	 although	 o-suite	 reduces	 the	 strong	
overestimations	observed	in	control,	some	important	dust	sources	(as	the	Bodélé	and	Iraq)	appear	
underestimates.	 	CAMS	o-suite	is	the	model	that	best	reproduces	the	daily	variability	of	AERONET	
observations	 with	 a	 correlation	 coefficient	 of	 0.64	 in	 average	 for	 all	 the	 AERONET	 sites.	 The	
performance	of	o-suite	is	particularly	good	over	Sahel	and	Sahara	regions	(with	correlation	values	of	
0.41	and	0.57,	respectively).	








sites)	and	TCCON	total	 column	 (3	 sites)	measurements,	 for	a	one	year	period	 from	 (Dec.	2015	 to	
Nov.	2016).	Most	of	the	stations	are	located	in	Europe	(9	ICOS	and	2	TCCON	sites)	providing	a	better	
representativeness	 over	 this	 continent.	 The	 third	 TCCON	 station	 is	 located	 in	 the	 tropical	 Indian	
ocean,	 at	 La	 Réunion	 Island	where	 two	 surface	 stations	 are	 also	monitoring	 CO2	and	 CH4	 at	 the	
















in	 winter.	 The	 agreement	 is	 generally	 better	 in	 late	 summer	 and	 fall	 2016	 with	 a	 tendency	 to	
underestimate	the	concentrations	at	 least	at	the	surface.	One	important	feature	 is	the	systematic	
improvement	 of	 the	 correlation	 coefficient	 at	 the	 three	 European	 tall	 towers	 when	 comparing	
measurements	 from	 the	 lowest	 to	 the	highest	 sampling	 lines,	which	underline	 the	 importance	of	
such	infrastructure	to	improve	the	representativeness	of	surface	sites.	
CH4	 concentrations	 in	 the	 north	 hemisphere	 agree	 pretty	 well	 with	 surface	 and	 total	 column	
observations,	with	the	exception	of	a	three	months	period	from	August	to	November	2016.	During	
this	period	a	negative	bias	of	about	-20	ppb	is	observed	at	all	locations.	On	the	reverse,	the	negative	
bias	observed	at	 south	hemisphere	 locations	with	 the	gf39	model	experiment	 (Dec	 to	Feb.	2016)	
has	been	solved	with	the	new	experiment	(ghqy).	
System	performance	in	the	Arctic		
The	CAMS	model	 runs	 are	 validated	using	 surface	ozone	measurements	 from	 the	ESRL-GMD	and	
the	IASOA	networks	(5	sites)	and	ozone	concentrations	in	the	free	troposphere	are	evaluated	using	
balloon	sonde	measurement	data.		
For	 the	 period	 from	 December	 2014	 to	 November	 2016	 the	 simulations	 of	 the	 surface	 ozone	










±20%)	 and	 between	 ±10%	 in	 the	 rest	 of	 the	 Mediterranean.	 Temporal	 correlation	 coefficients	
between	 simulated	 and	 observed	 surface	 ozone	mixing	 for	 both	 o-suite	 and	 the	 control	 run	 are	
highly	significant	(on	average	around	0.7).	
From	 September	 to	November,	 CAMS	 o-suite	 can	 reproduce	 the	 AOD	 variability	 observed	 in	 the	
AERONET	 sites	with	MB	of	 -0.01	and	a	 correlation	 coefficient	of	0.62	 in	average	 for	all	 sites.	 The	
highest	peaks	on	CAMS	AOD	simulations	are	linked	to	desert	dust	intrusions.	During	autumn,	dust	
activity	 is	 low	 over	 all	 the	 Mediterranean	 Basin.	 Otherwise,	 overestimations	 are	 observed	 in	
Northwestern	Mediterranean	 during	 background	 situations.	 On	 surface	 levels,	 CAMS	 o-suite	 can	



























from	 balloon-borne	 ozonesondes;	 ground-based	 remote-sensing	 observations	 from	 the	 NDACC	








stations	 the	 o-suite	 performs	 best	 at	 Bern	 with	 stratospheric	 columns	 evolving	 since	 September	
2015	with	seasonally	averaged	relative	biases	smaller	than	5%,	which	is	smaller	than	the	reported	
measurement	 uncertainties.	 At	 Ny	 Alesund,	 the	 seasonally	 averaged	 bias	 of	 the	 stratospheric	











Lauder	 and	 Hohenpeissenberg,	 the	 o-suite	 does	 not	 show	 significant	 biases	 with	 the	 observed	
ozone	between	20km	and	35km.	
The	 comparison	 with	 independent	 satellite	 observations	 is	 generally	 in	 good	 agreement	 for	 the	













Central	 and	 Eastern	Mediterranean	 in	 early	 November	 2016	 as	 it	 was	 detected	 ground	 visibility	
stations.	The	full	episode	was	well	predicted	by	CAMS	o-suite	as	it	is	showed	the	comparison	of	the	
dust	 aerosol	 optical	 depth	 (DOD)	predicted	by	CAMS	o-suite	 and	observed	AOD	by	 satellites	 and	
AERONET	sites	from	6th	to	9th	November	2016.	
































































































The	 Copernicus	 Atmosphere	 Monitoring	 Service	 (CAMS,	 http://atmosphere.copernicus.eu/)	 is	 a	
component	of	the	European	Earth	Observation	programme	Copernicus.	The	CAMS	global	near-real	
time	 (NRT)	 service	provides	daily	 analyses	 and	 forecasts	of	 trace	 gas	 and	aerosol	 concentrations.	
The	CAMS	system	was	developed	by	a	series	of	MACC	research	projects	(MACC	I-II-III).	The	CAMS	
near-real	time	services	consist	of	daily	analysis	and	forecasts	with	the	Composition-IFS	system	with	
data	assimilation	of	 trace	gas	 concentrations	and	aerosol	properties.	This	document	presents	 the	
system	 evolution	 and	 the	 validation	 statistics	 of	 the	 CAMS	 NRT	 global	 atmospheric	 composition	










Key	CAMS	NRT	products	 and	 their	 users	 are:	Boundary	 conditions	 for	 regional	 air	 quality	models	
(e.g.	AQMEII,	 air	 quality	models	 not	 participating	 in	CAMS);	 Long	 range	 transport	 of	 air	 pollution	
(e.g.	LRTAP);	Stratospheric	ozone	column	and	UV	(e.g.	WMO,	DWD);	3D	ozone	fields	(e.g.	SPARC).	
As	 outlined	 in	 the	 MACC-II	 Atmospheric	 Service	 Validation	 Protocol	 (2013)	 and	 MACC	 O-INT	
document	(2011),	relevant	user	requirements	are	quick	looks	of	validation	scores,	and	quality	flags	
and	uncertainty	information	along	with	the	actual	data.	This	is	further	stimulated	by	QA4EO	(Quality	
Assurance	 Framework	 for	 Earth	 Observation,	 http://www.qa4eo.org)	 who	 write	 that	 “all	 earth	
observation	 data	 and	 derived	 products	 is	 associated	 with	 it	 a	 documented	 and	 fully	 traceable	
quality	indicator	(QI)”.	It	is	our	long-term	aim	to	provide	such	background	information.	The	user	is	
seen	 as	 the	 driver	 for	 any	 specific	 quality	 requirements	 and	 should	 assess	 if	 any	 supplied	
information,	as	characterised	by	its	associated	QI,	are	"fit	for	purpose"	(QA4EO	task	team,	2010).	
CAMS	data	are	made	available	to	users	as	data	products	(grib	or	netcdf	files)	and	graphical	products	
from	 ECMWF,	 http://atmosphere.copernicus.eu/global-near-real-time-data-access.	 The	
stratospheric	ozone	service	is	provided	by	BIRA-IASB	at	http://copernicus-stratosphere.eu.	
A	summary	of	the	system	and	its	recent	changes	is	given	in	section	2.	Section	3	gives	an	overview	of	
the	 performance	 of	 the	 system	 from	 a	 seasonal	 (climatological)	 perspective,	 for	 various	 species.	
Section	4	describes	the	performance	of	the	system	during	recent	events.	Extended	validation	can	be	
found	 online	 via	 regularly	 updated	 verification	 pages,	 http://atmosphere.copernicus.eu/user-

























































































































This	 validation	 report	 is	 accompanied	 by	 the	 "Observations	 characterization	 and	 validation	
methods"	report,	Eskes	et	al.	(2016),	which	describes	the	observations	used	in	the	comparisons,	and	
















changes	 (section	 2.2).	 An	 overview	 of	 products	 derived	 from	 this	 system	 is	 given	 in	 section	 2.3.	
Several	 external	 products	 used	 for	 validation	 and	 intercomparison	 are	 listed	 in	 section	 2.4.	
Timeliness	and	availability	of	the	CAMS	products	is	given	in	section	2.5.	
2.1 System	based	on	the	ECMWF	IFS	model	











forecast	 length	 is	120	h.	The	o-suite	data	 is	 stored	under	expver	 ‘0001’	of	class	 ‘MC’.	On	21	 June	




• The	 meteorological	 model	 is	 based	 on	 IFS	 version	 cy41r1_CAMS,	 see	 also	
http://www.ecmwf.int/en/forecasts/documentation-and-support/changes-ecmwf-
model/cy41r1-summary-changes;	the	model	resolution	is	T511L60.	
























Forecast	system	 Exp.	ID	 Brief	description	 Status	


















Instrument	 Satellite	 Provider	 Version	 Type	 Status	
MLS		 AURA	 NASA	 V3.4	 O3	Profiles	 20130107	-	
OMI		 AURA	 NASA	 V883	 O3	Total	column	 20090901	-	
GOME-2A		 Metop-
A	
Eumetsat	 GDP	4.7	 O3	Total	column	 20131007	-	
GOME-2B		 Metop-
B	
Eumetsat	 GDP	4.7	 O3	Total	column	 20140512	-	





LATMOS/ULB	 -	 CO	Total	column	 20090901	-	
IASI	 MetOp-
B	
LATMOS/ULB	 -	 CO	Total	column	 20140918	-	
MOPITT	 TERRA	 NCAR	 V5-TIR	 CO	Total	column	 20130129-	












































trace	 gas	 SO2	 (Morcrette	 et	 al.,	 2009).	 Aerosol	 total	 mass	 is	 constrained	 by	 the	 assimilation	 of	


































net	ecosystem	 fluxes	 (Agusti-Panareda,	2015).	 The	anthropogenic	 fluxes	are	based	on	 the	annual	
mean	 EDGARv4.2	 inventory	 using	 the	most	 recent	 year	 available	 (i.e.	 2008)	 with	 estimated	 and	
climatological	trends	to	extrapolate	to	the	current	year.	The	fire	fluxes	are	from	GFAS	(Kaiser	et	al.,	
2012).		
Methane	 fluxes	 are	 prescribed	 in	 the	 IFS	 using	 inventory	 and	 climatological	 data	 sets,	 consistent	
with	those	used	as	prior	information	in	the	CH4	flux	inversions	from	Bergamaschi	et	al.	(2009).	The	












assimilation	 system	 can	 be	 found	 at	 http://atmosphere.copernicus.eu/user-support/operational-
info/global-system-changes.	The	CAMS	o-suite	 system	 is	upgraded	 regularly,	 following	updates	 to	
the	 ECMWF	meteorological	model	 as	well	 as	 CAMS-specific	 updates	 such	 as	 changes	 in	 chemical	









































































the	Belgian	Assimilation	System	 for	Chemical	ObsErvations	 (BASCOE)	of	BIRA-IASB	 (Lefever	et	 al.,	







• Vertical	 grid	 is	 hybrid-pressure	 and	 consists	 in	 86	 levels	 extending	 from	 0.01	 hPa	 to	 the	
surface.	





































System	 (WMO	 SDS-WAS)	 for	 Northern	 Africa,	Middle	 East	 and	 Europe	 (NAMEE)	 Regional	 Center	
(http://sds-was.aemet.es/)	 has	 established	 a	 protocol	 to	 routinely	 exchange	 products	 from	 dust	
forecast	 models	 as	 the	 basis	 for	 both	 near-real-time	 and	 delayed	 common	 model	 evaluation.	
Currently,	 nine	 (BSC-DREAM8b,	 MACC-ECMWF,	 DREAM-NMME-MACC,	 NMMB/BSC-Dust,	 NASE	
















for	 the	00	and	22	UTC	 for	 the	12	 run.	This	was	 in	part	based	on	 requirements	 from	 the	 regional	
models.	 We	 note	 that	 at	 present	 most	 regional	 models	 can	 still	 provide	 their	 forecasts	 even	



















March-May	2013	 97%	 D+0,	17:54	 D+0,	18:36	 D+0,	18:49	
June-August	
2013	
97%	 D+0,	18:34	 D+0,	18:46	 D+0,	19:23	
Sept-Nov	2013	 99%	 D+0,	19:14	 D+0,	19:22	 D+0,	19:29	
Dec-Feb	'13-'14	 94%	 D+0,	19:45	 D+0,	20:40	 D+0,	21:55	
Mar-May	2014	 98%	 D+0,	19:44	 D+0,	19:57	 D+0,	20:03	
Jun-Aug	2014	 95%	 D+0,	20:03	 D+0,	20:57	 D+0,	22:43	
Sept-Nov	2014	 96%	 D+0,	19:24	 D+0,	20:31	 D+0,	21:14	
Dec-Feb	‘14-‘15	 97%	 D+0,	19:43	 D+0,	20:28	 D+0,	21:13	
Mar-May	2015	 96%	 D+0,	19:38	 D+0,	21:03	 D+0,	21:40	
Jun-Aug	2015	 95%	 D+0,	20:24	 D+0,	20:53	 D+0,	21:54	
Sept-Nov	2015	 95%	 D+0,	19:44	 D+0,	20:55	 D+0,	21:51	
Dec-Feb	‘15-‘16	 100%	 D+0,	18:39	 D+0,	18:57	 D+0,	19:43	






























(or	 D+0	 FC)	 stream.	 For	 a	 selection	 of	 instances	 2-4	 day	 forecasts	 issued	 from	 them	 have	 been	











data	 of	 38	 stations	 taken	 from	 the	NDACC,	WOUDC,	NILU	 and	 SHADOZ	databases	 for	November	
2015	 to	 November	 2016	 (see	 Fig.	 3.1.1	 -	 3.1.3).	 Towards	 the	 end	 of	 the	 period,	 the	 number	 of	












±13%)	during	 the	 respective	period.	MNMBs	 for	 the	o-suite	are	generally	 larger	 (up	 to	30%)	over	





















The	daily	 profiles	of	 ozone	measured	at	 airports	 around	 the	world,	 are	 shown	on	 the	website	 at	
http://www.iagos.fr/macc/nrt_day_profiles.php.	For	the	period	from	September	2016	to	November	
2016,	the	data	displayed	on	the	web	pages	and	in	this	report	include	only	the	data	as	validated	by	
























two	 aircraft	 operated	 by	 Lufthansa	 based	 in	 Frankfurt.	 This	 report	 therefore	 displays	 profiles	
recorded	by	these	aircraft,	covering	mainly	the	routes	served	by	Air	France	to	North	America	and	
West	Africa	and	by	China	Airlines	across	South-East	Asia	as	shown	on	the	map	in	Figure	3.1.3	(with	a	
plotting	 circle	 scaled	 to	 the	 highest	 number	 of	 flights	 at	 an	 airport).	 	 Data	 are	 also	 available	 in	
Australia	and	in	New	Zealand.		
Europe	
Figure	 3.1.4	 presents	 ozone	 at	 Frankfurt	 during	 September-November	 2016.	 Ozone	 remains	
relatively	elevated	throughout	September	compared	with	the	 long	term	average	from	IAGOS.	The	
period	around	September	12th	saw	ozone	levels	reach	80ppbv	in	the	surface	layer	over	several	days.		
These	 high	 amounts	 are	 almost	 double	 the	 mean	 value	 of	 40ppbv	 calculated	 from	 10	 years	 of	
measurements,	and	exceed	3-sigma	from	the	10-year	mean	(Fig.	3.1.5).	 	At	the	same	time	surface	





































































to	 the	 south	 of	 Taiwan	 on	 14th	 September	 2016,	Malakas	 passed	 to	 the	 east	 of	 Taipei	 on	 17th	
September	and		Megi	made	landfall	on	Taiwan	on	26th	September	2016.	Megi	followed	an	oceanic	
































Generally	 the	models	 do	 very	well	 at	 capturing	 ozone	 over	many	 towns	 in	 Japan.	 The	 profile	 at	












































For	 the	 Near	 Real	 Time	 (NRT)	 validation,	 13	 GAW	 stations	 and	 11	 ESRL	 stations	 are	 currently	
delivering	O3	 surface	 concentrations	 in	NRT,	 and	 the	data	 are	 compared	 to	model	 results.	 In	 the	
following,	a	seasonal	evaluation	of	model	performance	for	the	2	NRT	runs	(o-suite	and	control)	has	





Modified	 normalized	mean	 biases	 in	%	 (left,	 panel)	 and	 correlation	 coefficients	 (right,	 panel)	 for	






















A	 comparison	 of	 the	 seasonal-mean	 MNMB	 over	 Europe	 (Fig.	 3.1.13)	 from	 December	 2012	 to	
present	shows	that	the	MNMB	over	European	GAW	stations	 is	minimal	during	the	winter	season,	






European	 stations	 are	 between	 0.27	 to	 0.55	 for	 the	 o-suite	 and	 between	 0.36	 and	 0.83	 for	 the	



















In	 the	Arctic,	 the	o-suite	 reproduces	well	 surface	ozone	mean	concentrations	over	Summit	 (SUM,	
MNMBs≈0%)	 and	Point	Barrow	 (BRW,	MNMBs≈-8%)	while	 the	 control	 run	underestimates	 it	 by	 -






while	 the	 control	 run	 reproduces	 well	 surface	 ozone	 mean.	 The	 control	 run	 reproduces	 slightly	
better	 the	day	 to	day	surface	ozone	variability	 (r>0.8	at	THD	and	r≈0.45	at	BAO)	 than	the	o-suite	
(r≈0.78	at	THD,	r≈0.4	at	NWR).	
For	 Asian	 stations	 (RYO,	 YON,	 MNM),	 both	 runs	 overestimate	 the	 low	 observed	 ozone	
concentrations	 with	 MNMBs	 of	 up	 to	 35%.	 Especially	 the	 lower	 values	 are	 overestimated.	























ratios	 well	 for	 CPT	 and	 USH	with	MNMBs	 of	 6%	 and	 for	 LDR	 within	 20%.	 The	 data	 assimilation	
corrects	the	negative	offset	 in	the	control	run,	see	Fig.	3.1.17	(right	panel)	and	3.1.18	(left	panel).	
Correlation	coefficients	are	between	0.4	and	0.7	for	the	o-suite.			
Finally	 for	 Antarctic	 stations	 (SPO,	 ARH,	 NEU)	 the	 o-suite	 reproduces	 ozone	 mixing	 ratios	 with	
MNMBs	 between	 15%	 and	 0%,	 see	 Fig.	 3.1.18	 (right	 panel).	 The	 data	 assimilation	 corrects	 the	
negative	offset	in	the	control	run	(with	MNMBs	of	up	to-40%).	Correlations	between	simulated	and	
observed	 surface	 ozone	 over	 SPO	 and	ARH	 stations	 are	 high	 for	 both	 runs	 (r>0.65),	 but	 for	NEU	
correlations	are	very	low	for	both	runs.	
3.1.4 Validation	with	AirBase	observations	in	Mediterranean	
The	 surface	 ozone	 validation	 analysis	 over	 the	Mediterranean	 is	 based	 on	 an	 evaluation	 against	
station	observations	 from	the	Airbase	Network	 (http://acm.eionet.europa.eu/databases/airbase/).	



















100	 km	 from	 the	 shoreline	 of	 the	Mediterranean	 shore	 are	 used.	 Table	 3.1.1	 shows	 the	 names,	
coordinates,	elevation	and	the	MNMBs	and	correlations	obtained	with	the	2	forecast	runs	(o-suite	
and	control).	It	indicates	that	the	variance	explained	by	each	station	of	both	the	o-suite	and	control	
is	 high	 and	 correlations	 are	 highly	 significant	 over	Western,	 Central	 and	 Eastern	Mediterranean,	
with	the	exception	of	Ak-Pardines	station	 in	Spain.	 It	should	be	noted	that	the	control	run	mostly	
reproduces	 slightly	better	 the	day	 to	day	 variability	 than	 the	o-suite	 run	over	 the	Mediterranean	
shore	 of	 Spain	while	 the	 o-suite	 reproduces	 slightly	 better	 the	 day	 to	 day	 variability	 over	 Greek	
stations	(see	Table	3.1.1).	
In	terms	of	biases,	both	runs’	MNMBs	vary	between	-20%	and	20%	over	Spain	(for	Stations	Caravaka	




10%<MNMBs<10%;	 see	 also	 Fig.	 3.1.19,	 central	 and	 lower	 graphs)	 with	 the	 only	 exception	 of	
Aliartos	station	(MNMB≈-25).		
The	spatial	distribution	of	MNMBs	and	correlations	of	the	o-suite	over	the	Mediterranean	is	shown	
in	 3.1.20,	 with	 highly	 significant	 correlations	 over	 the	 entire	 Mediterranean	 from	 Gibraltar	 to	
Cyprus.	On	the	other	hand	it	clearly	shows	the	slightly	better	o-suite	performance	over	the	Central	
and	Eastern	Mediterranean	compared	to	the	Mediterranean	shore	of	Spain	in	terms	of	biases.	
Station	Name	 Stat_ID Lon Lat Alt	(m)Level o-suite controlo-suite control
Al	Cornocales	 ES1648A -5.66 36.23 189 57 16 16.9 13.2 0.72 0.78
Caravaka ES1882A -1.87 38.12 1 60 73 -20.7 -24.9 0.61 0.61
Zarra ES0012R -1.10 39.08 885 56 70 -6.8 -10.5 0.83 0.84
VIillar	Del	Arzobispo ES1671A -0.83 39.71 430 60 48 -9.1 -12.3 0.78 0.83
Cirat ES1689A -0.47 40.05 466 60 37 3.6 -0.8 0.76 0.80
Bujaraloz ES1400A -0.15 41.51 327 60 60 -21.0 -23.4 0.74 0.74
Morella ES1441A -0.09 40.64 1150 53 51 -0.2 -4.2 0.80 0.84
Bc-La	Senia ES1754A 0.29 40.64 428 59 21 -14.2 -16.4 0.68 0.72
Ay-Gandesa ES1379A 0.44 41.06 368 58 15 14.8 12.9 0.81 0.82
Ak-Pardines ES1310A 2.21 42.31 1226 57 81 19.7 14.9 0.24 0.32
Hospital	Joan	March ES1827A 2.69 39.68 172 57 3 15.3 13.0 0.57 0.62
Al-Agullana ES1201A 2.84 42.39 214 60 25 -19.9 -22.7 0.63 0.61
Av-Begur ES1311A 3.21 41.96 200 56 9 4.3 1.7 0.81 0.85
Plan	Aups/Ste	Baume FR03027 5.73 43.34 675 54 21 9.8 4.7 0.72 0.72
Gharb MT00007 14.20 36.07 114 57 31 4.0 -1.0 0.85 0.85
Aliartos GR0001R 23.11 38.37 110 59 18 -23.5 -27.9 0.50 0.43
NEO - 21.67 37.00 50 60 2 9.8 4.9 0.71 0.64
Finokalia GR0002R 25.67 35.32 250 57 4 11.7 3.0 0.76 0.68
Ineia - 32.37 34.96 672 52 5 2.7 -2.3 0.49 0.55
Oros	Troodos - 32.86 34.95 1819 49 11 0.1 -3.5 0.80 0.74










































The	 measurement	 time	 series	 for	 VRS	 and	 Tiksi	 covers	 the	 period	 from	 December	 2014	 to	
November	 2016.	 Data	 from	 Svalbard	 covers	 the	 period	 September	 –	 November	 2016.	 Ozone	
depletion	 events	 in	March	 –	 June	 in	 2015	 and	 2016	 are	 not	 captured	 by	 the	model	 simulations	










































In	 this	 section,	 model	 columns	 of	 tropospheric	 NO2	 are	 compared	 to	 SCIAMACHY/Envisat	 NO2	
satellite	 retrievals	 (IUP-UB	 v0.7)	 [Richter	 et	 al.,	 2005]	 for	 model	 data	 before	 April	 2012,	 and	 to	
GOME-2/MetOp-A	 NO2	 satellite	 retrievals	 (IUP-UB	 v1.0)	 [Richter	 et	 al.,	 2011]	 for	 more	 recent	
simulations.	 This	 satellite	 data	 provides	 excellent	 coverage	 in	 space	 and	 time	 and	 very	 good	
statistics.	 However,	 only	 integrated	 tropospheric	 columns	 are	 available	 and	 the	 satellite	 data	 is	
always	taken	at	the	same	local	time,	roughly	10:00	LT	for	SCIAMACHY	and	09:30	LT	for	GOME-2,	and	
at	 clear	 sky	 only.	 Therefore,	model	 data	 are	 vertically	 integrated,	 interpolated	 in	 time	 and	 then	
sampled	to	match	the	satellite	data.	GOME-2	data	were	gridded	to	model	resolution	(i.e.	0.4°	deg	x	
0.4°	 deg).	Model	 data	were	 treated	with	 the	 same	 reference	 sector	 subtraction	 approach	 as	 the	























































shape	 of	 the	 satellite	 time	 series	 rather	 well.	 However,	 over	 East-Asia	 absolute	 values	 and	
seasonality	 are	 in	 general	 strongly	 underestimated	 by	 all	 model	 runs	 (most	 likely	 due	 to	 an	
underestimation	of	anthropogenic	emissions),	with	 the	o-suite	 showing	 the	best	 results	 since	 the	
upgrade	in	July	2012.	As	NO2	column	retrievals	decreased	since	2014,	model	simulated	values	are	in	
better	 agreement	 with	 the	 satellite	 retrieved	 ones	 for	 recent	 years.	 However,	 this	 decrease	 in	
values	 is	 not	 reproduced	 by	 the	 simulations	 and	 as	 such,	 the	 better	 agreement	 for	more	 recent	
years	 cannot	 be	 attributed	 to	 an	 improvement	 of	 the	 simulations.	 Springtime	 and	 summertime	
model	 values	 increased	 in	 2015	 compared	 to	 previous	 years,	which	 is	 in	 contrast	 to	 the	 satellite	
retrievals,	so	that	the	simulated	values	for	the	summers	2015	and	2016	are	about	50%	larger	than	
satellite	 retrieved	 ones.	 As	 for	 East-Asia,	 a	 decrease	 in	 satellite	 retrieved	 values	 also	 occurs	 for	




a	strong	 increase	 in	 January	peak	values,	combined	with	a	decrease	 in	values	 for	December	2015	












Over	 regions	where	 biomass	 burning	 is	 the	major	 contributor	 to	 NOx	 emissions,	 seasonality	 and	
amplitude	of	model	columns	are	determined	by	fire	emissions.	The	seasonality	for	the	two	regions	
in	 Africa	 is	 simulated	 reasonably	 well	 for	 2010	 and	 after	 October	 2011.	 In	 the	 time	 period	 in	
between,	a	bug	in	reading	fire	emissions	lead	to	simulation	errors	for	all	MOZART	runs.	Over	North-
Africa,	 the	o-suite	 shows	 improved	 results	 since	 the	update	 in	 July	2012	and	 the	 change	 to	CIFS-
CB05	 in	 September	 2014.	 However,	 tropospheric	 NO2	 columns	 around	 December	 are	 still	
overestimated	 by	 the	 models.	 Summertime	 NO2	 columns	 over	 North-Africa	 are	 underestimated	
compared	to	the	satellite	data	for	2015	and	2016.	The	models	strongly	overestimates	the	seasonal	
cycle	 for	South-Africa	 since	2014	with	an	overestimation	of	 the	 seasonal	maximum	which	usually	
occurs	around	August	of	each	year	(e.g.	by	a	factor	of	1.4	larger	compared	to	GOME-2	retrievals	in	
August	 2016).	 For	 2014	 model	 runs	 without	 data	 assimilation	 agree	 much	 better	 with	 satellite	
observations,	 in	contrast	to	more	recent	CB05-based	o-suite	runs	since	2015.	For	November	2015	
and	 November	 2016,	 satellite	 retrieved	 values	 over	 South-Africa	 do	 not	 decrease	 below	 1x1015	
molec/cm2,	a	feature	which	did	not	show	up	in	the	time	series	before.	While	wintertime	values	over	









abundance	 in	 the	 lower	 troposphere,	 up	 to	 1km	 altitude	 with	 an	 estimated	 uncertainty	 of	 8%.	
Tropospheric	 NO2	 profiles	 and	 columns	 are	 validated	 (up	 to	 3.5km).	 A	 description	 of	 the	
instruments	 and	 applied	 methodologies	 is	 the	 same	 all	 DOAS	 OFFAXIS	 measurements,	 see	



































JJA 	  SON 	 
	
	 MB stddev nobs MB stddev nobs MB stddev nobs MB stddev nobs 
osuite ohp 35.13 96.22 	115 -6.08 48.27 	353 13.28 55.57 	204 4.66 40.95 	170 
control	 ohp 21.16 84.90 	115 -20.36 33.14 	353 2.46 51.24 	204 -7.74 35.79 	170 
osuite xianghe 11.73 77.38 	103 23.50 74.65 	216 76.55 106 	270 43.14 110 	172 






model	evaluation	 for	September	–	November	2016.	The	 latest	validation	 results	 can	be	 found	on	
the	CAMS	website:		http://www.copernicus-atmosphere.eu/d/services/gac/verif/grg/gaw/	



































































Figure	 3.3.6	 shows	 the	 time	 series	 of	 CO	 over	 Frankfurt	 and	 Taipei	 for	 the	 5	 different	 layers	





















The	 time	 series	 at	 Taipei	 (Fig.	 3.3.6)	 showed	 that	 the	 CO	 from	 the	model	 versions	 showed	 good	
correspondence	to	the	observations	in	the	free	troposphere	and	upper	troposphere.	In	general,	this	
is	the	case	in	many	locations	across	Asia	and	South-east	Asia	as	the	profiles	from	a	range	of	airports	

















100ppbv.	 It	 is	 possible	 that	 the	 high	 CO	mixing	 ratios	 at	 Busan	 are	 the	 result	 of	 the	 passage	 of	

















underestimation	of	 the	CO	 in	the	surface	 layer.	Generally	 the	osuite	makes	an	 improvement	over	
the	 control	 such	 as	 over	 Osaka	 (20161007)	 or	 at	 Fukuoka	 (20161130)	where	 a	mid-tropospheric	
































































MAM	 		 	 JJA	 		
	
		 MB	 stddev	 nobs	 MB	 stddev	 nobs	 MB	 stddev	 nobs	 MB	 stddev	 nobs	
o-suite	 Lauder	 -8.53	 5.27	 		93	 -1.71	 5.66	 	150	 6.65	 23.35	 	150	 -2.36	 4.00	 	126	
control	 Lauder	 36.82	 12.21	 		93	 45.87	 5.17	 	150	 33.25	 12.23	 	148	 17.44	 7.18	 	126	
o-suite	 Maido	 -8.60	 3.34	 	290	 -5.30	 3.34	 	527	 -6.59	 3.55	 	822	 -5.49	 3.74	 	852	


















































The	modeled	 CO	 geographical	 distribution	 and	magnitude	 values	 show	 that	 the	model	 performs	








runs	 over	 the	 eight	 selected	 regions.	 For	 the	 comparison	 with	 MOPITT,	 the	 modelled	 CO	
concentrations	were	transformed	using	MOPITT	V5	averaging	kernels	(Deeter,	2004).	Both,	MOPITT	
and	 IASI	 CO	 total	 column	 are	 assimilated	 in	 the	 o-suite	 run,	 while	 a	 bias	 correction	 scheme	 is	
applied	 to	 IASI	 data	 to	 bring	 it	 in	 line	 with	MOPITT.	MOPITT	 and	 IASI	 CO	 total	 columns	 show	 a	
relatively	similar	variability	over	different	regions.	In	general,	IASI	CO	values	are	lower	compared	to	
MOPITT	over	most	regions	with	some	seasonal	exceptions.	Significant	difference	between	MOPITT	
and	 IASI	 are	 observed	over	 the	Alaskan	 and	 Siberian	 fire	 regions	 in	winter	 seasons,	with	 IASI	 CO	
total	column	values	lower	up	to	30	%.	The	modelled	seasonality	of	CO	total	columns	is	in	relatively	
good	agreement	with	 the	 retrievals.	 In	 general,	 the	 comparison	between	o-suite	 and	 control	 run	





In	 autumn	2016	both	model	 runs	 show	good	agreement	with	 the	observations	over	 Europe	with	
















































The	 modified	 normalized	 mean	 bias	 (MNMB)	 of	 the	 model	 runs	 compared	 to	 MOPITT	 V5	 (Fig.	
3.3.16)	 allows	 quantifying	 the	 impact	 of	 assimilation	 on	 the	model	 performance.	 All	 model	 runs	





over	US,	 Asian	 and	African	 regions	with	 bias	within	 10	%.	 In	Asian	 regions	 the	 control	 run	 has	 a	









the	control	 run.	At	Bialystok	and	Orleans	all	model	 simulations	overestimate	 the	XCO	 (Fig.	3.3.16	
and	 3.3.17).	 At	 Orleans	 all	 three	models	 represent	 the	 seasonality	 equally	 well.	 At	 Bialystok	 the	







































































(20%	 –	 40%)	 and	 both	 noise	 and	 systematic	 offsets	 have	 an	 influence	 on	 the	 results.	 However,	
absolute	values	and	seasonality	are	retrieved	more	accurately	over	HCHO	hotspots.	
In	Figure	3.4.1,	monthly	mean	satellite	HCHO	columns	are	compared	to	model	results	for	November	






• East-Asia	 and	 the	 Eastern	 US,	 where	 HCHO	 is	 dominated	 by	 biogenic	 emissions.	 Model	
results	 and	 measurements	 generally	 agree	 rather	 well.	 However,	 all	 model	 runs	
underestimate	 the	 yearly	 cycle	 over	 East-Asia	 since	 2012.	 In	 contrast	 to	 MOZART	 runs,	
MACC_CIFS_TM5	overestimates	satellite	values	for	the	Eastern	US	since	the	middle	of	2013.	




is	 due	 to	 the	 lack	 of	 data	 (caused	 by	 instrument	 degradation)	 for	 these	 regions	 during	











including	 El	 Nino	 years	 which	 experience	much	 larger	 fire	 activities.	MOZART	 simulations	
and	observations	 agree	much	better	 since	 late	 2012.	 CIFS-CB05	 runs	 agree	 very	well	with	
satellite	 retrieved	 ones	 for	 December	 2014	 to	 August	 2015.	 For	 September	 and	 October	
2015,	satellite	retrieved	HCHO	columns	show	a	pronounced	maximum.	2015	was	a	strong	El	
Nino	 year,	which	 caused	 droughts	 and	 higher	 fire	 activity	 in	 Indonesia.	 As	 for	 previous	 El	
Nino	years,	fire	emissions	used	by	CIFS-CB05	seem	to	be	largely	overestimated,	resulting	in	
model	 simulated	 HCHO	 columns	 which	 are	 almost	 twice	 as	 large	 as	 those	 retrieved	 by	
GOME-2.	Further	investigations	(see	previous	reports)	show	that	this	is	not	caused	by	cloud	


























In	 this	 section,	 we	 compare	 the	 HCHO	 profiles	 of	 the	 CAMS	 models	 with	 UVVIS	 DOAS	
measurements	 at	 Haute	 Provence	 (43.9°N,	 5.71°E,	 rural	 station,	 altitude	 650m)	 and	 Xianghe	
(39.8°N,	 117°E,	 station	 near	 Beijing,	 altitude	 92m).	 Due	 to	 instrument	 failure,	 the	 Uccle	 (50.8°N,	
4.36°E,	urban)	measurements	are	not	displayed.	These	ground-based,	remote-sensing	instruments	
are	sensitive	to	the	HCHO	abundance	 in	 the	 lower	troposphere,	up	to	1km	altitude.	Tropospheric	
HCHO	 profiles	 and	 columns	 are	 validated	 (up	 to	 3.5km).	 A	 description	 of	 the	 instruments	 and	
applied	 methodologies	 is	 the	 same	 as	 for	 the	 MWR	 O3	 and	 FTIR	 O3	 and	 CO	 validations	 see	
http://nors.aeronomie.be.	 It	 is	 important	 to	mention	 here	 that	 the	model	 partial	 column	 values	
between	the	surface	and	3.5	km	are	calculated	for	the	smoothed	model	profiles	(see	Figure	3.4.3,	
left).	 This	 guarantees	 that	 the	 model	 levels	 where	 the	 measurement	 is	 not	 sensitive	 do	 not	
contribute	 to	 the	 observed	 bias.	 In	 this	 specific	 situation	 the	 smoothing	 of	 the	 model	 profiles	
implies	a	strong	increase	of	the	model	column	data	by	the	MAXDOAS	apriori	(and	only	the	relative	
























From	 Fig.	 3.4.3	 and	 3.4.4	we	 see	 little	 difference	 between	 the	 o-suite	 and	 the	 control	 run.	 Both	























the	AeroCom	Median	model.	A	daily	updated	 comparison	against	30	 selected	Aeronet	 stations	 is	
available	via	the	ECMWF	CAMS	service	website:	 	
http://www.copernicus-atmosphere.eu/d/services/gac/verif/aer/nrt/.		
Correlation,	 based	 on	 daily	 aerosol	 optical	 depth	 and	NRT	Aeronet	 observations,	 is	 rather	 stable	
since	2011,	exhibits	significant	variation	and	seems	to	have	increased	recently.	The	o-suite	forecast	
at	+3	days	shows	slightly	lower	correlation,	as	expected.	See	figure	S3.	Part	of	the	month-to-month	






















































































S3	 also	 shows	 the	 evaluation	 against	 level	 2.0	 data	 for	 the	 whole	 time	 period.	 	 Note	 that	 an	








The	 simulated	 aerosol	 size	 distribution	 may	 be	 validated	 to	 first	 order	 using	 the	 wavelength	
dependent	 variation	 in	 AOD,	 computed	 as	 Ångström	 exponent,	with	 higher	 Ångström	 exponents	































































































































































































AOD@550	 0.173	 		-12%	 0.153	 					-6%	
BC-OD@550	 0.008	 		-21%	 0.008	 			-15%	
Dust-OD@550	 0.037	 					8%	 0.021	 				38%	
OA-OD@550	 0.033	 		-15%	 0.029	 						3%	
SO4-OD@550	 0.069	 		-22%	 0.071	 			-25%	
SS-OD@550	 0.025	 				-4%	 0.023	 						8%	
	
The	 o-suite	 uses	 data	 assimilation	 to	 obtain	 a	 first	 guess	 aerosol	 field.	 In	 the	 forecast	 period,	
however,	a-priori	model	parameterisations	and	emissions	(except	fire	emissions,	which	are	kept	in	
the	 forecast	 equal	 to	 the	 latest	GFAS	emission	 values)	 determine	more	 and	more	 the	 shape	 and	
amplitude	 of	 the	 aerosol	 fields.	 The	 performance	 of	 the	 day	 three	 forecasted	 AOD	 fields	 as	
compared	to	the	first	guess	is	shown	in	Figure	S3	in	the	summary	of	this	report.	Table	3.5.1	shows	
an	average	global	decrease	in	total	aerosol	optical	depth	of	12%	during	the	first	four	forecast	days,	





been	 validated	 against	 data	 from	 150	 background	 IMPROVE	 and	 EMEP	 stations	 (figure	 3.5.5).	 A	
climatological	average	has	been	constructed	from	data	in	the	period	2000-2009	as	available	in	the	
EBAS	 database	 hold	 at	 NILU.	 The	 data	 coverage	 is	 not	 the	 same	 at	 all	 stations,	 and	 sometimes	
covers	 only	 a	 few	 years.	 All	 used	 time	 series	 used	 are	 documented	 via	 the	 CAMS-AeroCom	web	
interface.		
In	 contrast	 to	 earlier	 validation	 reports	 we	 have	 taken	 since	 2016	 the	 PM10	 concentrations	 as	
diagnosed	by	 the	 IFS	model	 in	 the	mars	archive,	while	before	we	have	constructed	a	high-biased	
“PM10”	 concentration	 using	 all	 available	 IFS	 aerosol	 mass.	 This	 changes	 the	 bias	 evaluation	
considerably.	 The	 bias	 maps	 show	 that	 both	 in	 North	 America	 and	 Europe	 still	 some	 high	 bias	
appears	at	few	stations	located	in	regions	close	to	the	coastlines.	This	is	an	indication	that	simulated	
PM10	 concentrations	 may	 be	 high	 due	 to	 sea	 salt	 aerosols.	 Regional	 models	 using	 the	 sea	 salt	



















72	 hour	 forecasts	 (on	 3-hourly	 basis)	 dust	 aerosol	 optical	 depth	 (DOD)	 from	 CAMS	 o-suite	 and	
control	experiments	have	been	validated	for	the	period	1	September		–	30	November	2016	against	
71	 AERONET	 stations	 grouped	 in	 twelve	 regions	 (Fig.	 3.5.6),	 MODIS	 aerosol	 product	 available	
through	the	NASA’s	EOSDIS	system	(MCDAODHD	files)	and	compare	with	the	SDS-WAS	Multi-model	
















During	 the	 period	 of	 analysis,	 during	 this	 period	 dust	 activity	 is	 low	 in	 comparison	 the	 previous	
season.	Satellites	(see	MODIS	in		Fig.	3.5.7)	show	that	major	dust	activity	is	concentrated	over	the	
Sahara	 (in	 the	Bodelé	Basin	and	the	Mali/Mauritania	border),	 the	dust	corridor	of	North	Western	
















  control o-suite DOD SDS-WAS Median DOD 
 NDATA MB FGE RMSE r MB FGE RMSE r MB FGE RMSE r 
Western Mediterranean 1919	 -0.02	 1.64	 0.16	 0.49	 -0.05	 1.70	 0.17	 0.51	 -0.04	 1.68	 0.16	 0.49	
Tropical North Atlantic 198	 0.05	 0.38	 0.28	 0.44	 -0.15	 0.47	 0.29	 0.56	 -0.16	 0.47	 0.30	 0.48	
Eastern Mediterranean 1200	 0.02	 1.42	 0.14	 0.61	 -0.02	 1.44	 0.13	 0.62	 -0.03	 1.45	 0.13	 0.63	
Sahel 1236	 -0.04	 0.43	 0.44	 0.23	 -0.23	 0.50	 0.48	 0.41	 -0.18	 0.38	 0.44	 0.45	
Subtropical North Atlantic 417	 0.02	 1.29	 0.10	 0.53	 -0.01	 1.26	 0.07	 0.53	 -0.02	 1.26	 0.06	 0.56	
Central Mediterranean 1685	 0.02	 1.36	 0.22	 0.60	 -0.06	 1.41	 0.20	 0.61	 -0.05	 1.34	 0.20	 0.59	
Middle East 662	 -0.03	 0.97	 0.31	 0.38	 -0.05	 1.03	 0.32	 0.35	 -0.08	 1.02	 0.31	 0.48	
Iberian Peninsula 871	 -0.03	 1.83	 0.15	 0.38	 -0.04	 1.86	 0.15	 0.38	 -0.04	 1.85	 0.15	 0.36	
Western Iberian 
Peninsula 598	 -0.04	 1.65	 0.17	 0.48	 -0.06	 1.69	 0.18	 0.47	 -0.06	 1.70	 0.18	 0.46	
North Western Maghreb 419	 0.00	 0.80	 0.22	 0.38	 -0.10	 0.91	 0.22	 0.44	 -0.09	 0.81	 0.22	 0.44	
Sahara 307	 0.10	 0.48	 0.18	 0.46	 -0.07	 0.39	 0.14	 0.57	 -0.06	 0.34	 0.14	 0.55	
Eastern Sahara 207	 0.06	 1.01	 0.15	 0.44	 -0.01	 0.91	 0.11	 0.53	 0.00	 0.87	 0.12	 0.50	
	
From	 September	 to	 November,	 o-suite	 is	 the	model	 that	 best	 reproduces	 the	 daily	 variability	 of	
AERONET	observations	with	a	correlation	coefficient	of	0.64	 in	average	for	all	 the	AERONET	sites.	
The	 performance	 of	 o-suite	 is	 particularly	 good	 over	 Sahel	 and	 Sahara	 regions	 (with	 correlation	
values	 of	 0.41	 and	 0.57,	 respectively,	 see	 Table	 3.5.2	 as	 well	 as	 Tamanrasset	 and	 Banizoumbou	
AERONET	sites	in	Fig.	3.5.8)	achieving	close	values	similar	to	the	SDS-WAS	Median	Multimodel	(with	
correlation	values	of	0.45	and	0.55,	 respectively	 for	Sahel	and	Sahara).	 Furthermore,	over	Sahara	




Over	 long-range	 transport	 regions,	 o-suite	 shows	 the	 best	 correlations	 in	 all	 the	 regions	 (with	
correlations	between	0.38	 in	 Iberian	Peninsula	 to	0.62	 in	 Eastern	Mediterranean,	 see	Table	3.5.2	
and	Forth	Crete	and	Tunis	Carthage	in	Fig.	3.5.9)	in	comparison	with	control.	The	skill	scores	of	the	
o-suite	 in	 the	 Mediterranean	 are	 slightly	 better	 to	 those	 obtained	 by	 the	 SDS-WAS	 Median	


















  48h control 48h o-suite  72h control 72h o-suite  
 NDATA MB FGE RMSE r MB FGE RMSE r MB FGE RMSE r MB FGE RMSE r 
Western Mediterranean 1919	 -0.02	 1.68	 0.17	 0.41	 -0.05	 1.74	 0.17	 0.40	 -0.02	 1.73	 0.19	 0.25	 -0.04	 1.78	 0.18	 0.23	
Tropical North Atlantic 198	 0.02	 0.49	 0.32	 0.28	 -0.16	 0.57	 0.32	 0.33	 -0.02	 0.59	 0.34	 0.13	 -0.16	 0.69	 0.35	 0.18	
Eastern Mediterranean 1200	 0.02	 1.49	 0.17	 0.35	 -0.02	 1.51	 0.15	 0.39	 0.02	 1.57	 0.20	 0.15	 -0.02	 1.60	 0.17	 0.19	
Sahel 1236	 -0.05	 0.43	 0.45	 0.20	 -0.23	 0.50	 0.49	 0.28	 -0.05	 0.46	 0.46	 0.16	 -0.21	 0.53	 0.49	 0.20	
Subtropical North Atlantic 417	 0.01	 1.37	 0.11	 0.30	 -0.02	 1.36	 0.08	 0.26	 0.02	 1.47	 0.13	 0.15	 -0.02	 1.45	 0.10	 0.09	
Central Mediterranean 1685	 0.03	 1.44	 0.25	 0.49	 -0.05	 1.46	 0.21	 0.48	 0.03	 1.51	 0.29	 0.31	 -0.04	 1.54	 0.25	 0.27	
Middle East 662	 -0.04	 0.99	 0.32	 0.33	 -0.06	 1.05	 0.32	 0.35	 -0.03	 1.03	 0.33	 0.25	 -0.06	 1.07	 0.33	 0.26	
Iberian Peninsula 871	 -0.03	 1.84	 0.15	 0.40	 -0.04	 1.88	 0.16	 0.38	 -0.03	 1.88	 0.16	 0.26	 -0.04	 1.91	 0.16	 0.26	
Western Iberian 
Peninsula 598	 -0.04	 1.71	 0.18	 0.40	 -0.06	 1.75	 0.19	 0.39	 -0.05	 1.76	 0.20	 0.24	 -0.07	 1.79	 0.20	 0.26	
North Western Maghreb 419	 -0.02	 0.86	 0.22	 0.38	 -0.10	 1.01	 0.23	 0.37	 -0.03	 0.91	 0.23	 0.31	 -0.10	 1.06	 0.24	 0.31	
Sahara 307	 0.09	 0.51	 0.19	 0.34	 -0.04	 0.40	 0.15	 0.39	 0.08	 0.55	 0.20	 0.21	 -0.02	 0.44	 0.16	 0.28	















































Daily	 aerosol	 optical	 depth	 (AOD)	 and	 surface	 concentration	 (PM10	 and	 PM2.5)	 from	 o-suite	
experiment	 (Morcrette	 et	 al.,	 2009;	 Benedetti	 et	 al.,	 2009)	 and	 control	 experiment	 have	 been	
validated	against	37	AERONET	and	18	Airbase	stations	in	the	Mediterranean	region	for	the	period	1	





3-hourly	 values	 of	 AOD	 from	 AERONET,	 o-suite	 and	 control	 for	 the	 period	 1	 September	 –	 30	
November	2016	over	selected	sites	are	shown	in	Fig.	3.5.10	and	Fig.	3.5.11.	For	this	period,	CAMS	o-
suite	 is	 the	 model	 that	 best	 reproduces	 the	 daily	 variability	 of	 AERONET	 observations	 (see	 the	
correlation	 coefficient	 in	 Fig.	 3.5.10).	 In	 average	 for	 all	 the	 sites,	 MB	 decreases	 from	 -0.00	 for	
control	to	-0.01	for	o-suite;	and	correlation	increases	from	0.58	for	control	to	0.62	for	o-suite.	The	












the	most	 intense	aerosol	events	observed	by	Airbase	sites	 (see	Hospital	 Joan	March,	Venaco	and	
Gharb	stations	in	Fig.	3.5.13)	although	both	CAMS	experiments	tend	to	overestimate	the	observed	
values.	 Like	previous	 seasons,	 CAMS	model	 reproduces	 extreme	peaks	particularly	 over	maritime	









































































vs	 ceilometers,	 and	 summarized	 in	 Taylor	 plots.	 The	 vertically	 integrated	 bsc	 is	 not	 the	 focus,	
because	 it	reveals	similar	but	 less	accurate	 information	 like	AOD.	Likewise,	a	skill	measure	for	the	
horizontal	extension/positioning	of	plumes/layers	is	not	a	primary	goal	of	this	evaluation.	We	focus	



























was	 centered	 at	 altitudes	 between	 2	 and	 5	 km	 a.s.l.,	 and	 corresponding	 to	 the	 passage	 time	 of	



























According	 to	 the	 fire	 radiative	 power	 map,	 available	 e.g.	 under	 http://macc.copernicus-
atmosphere.eu/d/services/gac/nrt/fire_radiative_power!Europe!Fire%20Radiative%20Power!macc!
od!enfo!fire_radiative_power!2016090600!/,	 and	 to	HYSPLIT	 trajectories	 (Fig.	 3.5.17)	 smoke	 from	
either	(or	both)	fires	in	northern	Spain	or	Greece	were	transported	to	Germany	around	the	period	
8-20	 Sept	 2016.	 Partly,	 also	 SD	 was	 contained	 in	 this	 air-mass.	 During	 the	 whole	 period,	 the	
ceilometers	 show	 dense	 aerosol	 layers	 over	 Germany,	 initially	 at	 altitudes	 up	 to	 6	 km,	 but	
repeatedly	the	smoke	fraction	settled	to	the	boundary	layer,	in	agreement	with	enhanced	soot	and	
O3	 concentrations	 measured	 at	 the	 GAW	 station	 Hohenpeißenberg.	 Though	 ceilometers	 cannot	
characterize	 the	 particle	 type,	 these	 layers	 can	 most	 likely	 be	 attributed	 to	 both	 fire	 and	 dust	
emissions.		
On	17	Sep	2016,	when	the	largest	BB	fraction	during	the	SON	period	is	predicted	by	the	model,	the	
o-suite	has	a	sulfate	 layer	 in	3-4	km	which	 is	much	weaker	 in	 the	control	 run,	and	 in	 this	 respect	
agrees	 better	 to	 the	 observations	 (Fig.	 3.5.18	 –	 selected	 station:	 Soltau).	 Both	 runs	 produce	 a	
similarly	enhanced	sea	salt	fraction	in	the	boundary	layer	but	still	underestimate	the	observed	bsc	
by	 roughly	 a	 factor	 of	 2.	 Both	 runs	 capture	 the	 top	 height	 of	 the	 aerosol	 layers	 in	 the	 free	
troposphere	 as	well	 as	 the	 broad	 double	 peak	 in	 the	 profile,	 but	 as	 before,	 the	 shallow	 layering	
structure	is	missed.		
On	 10	 Sep	 2016,	 00UT-09UT,	many	 stations	 exhibit	 high	 bsc	 in	 the	 PBL	 and	 pronounced	 aerosol	
layers	up	to	4	km	height	in	the	free	troposphere.	The	FT	layer	is	better	reproduced	by	gjjh	than	by	


















However,	 the	bsc	of	both,	PBL	and	the	above	 layer,	are	only	about	half	as	 large	as	observed.	The	




































smoothed,	 structures	 often	 spatially	 and	 temporally	 shifted.	 The	 vertical	 variability	 (standard	
deviation)	in	the	model	is	mostly	smaller	than	observed	and	not	following	shallow	layers,	reflecting	





















November	 2016	 (please	 note	 that	 towards	 the	 end	 of	 the	 validation	 period	 fewer	 soundings	 are	
available).	As	C-IFS-CB05	stratospheric	composition	products	beyond	O3	in	the	o-suite	is	not	useful	
we	provide	only	a	very	 limited	evaluation	of	 the	control	experiment.	A	description	of	 the	applied	
methodologies	and	a	map	with	the	sounding	stations	can	be	found	in	Eskes	et	al.	(2016).	Both	runs,	
the	o-suite	and	the	control	run,	show	MNMBs	mostly	within	the	range	-7	to	+10%,	for	all	 regions	




























and	applied	methodologies	 for	all	NDACC	 instruments	 can	be	 found	at	http://nors.aeronomie.be.	
MWR	 (microwave)	 at	 Ny	 Alesund	 (79°N,	 12°E,	 Arctic	 station)	 and	 Bern	 (47°N,	 7°E,	 northern	













		 	 MB	 stddev	 nobs	 MB	 stddev	 nobs	 MB	 stddev	 nobs	 MB	 stddev	 nobs	
o-suite	 Ny.Ale	 14.50	 6.51	 	213	 6.35	 5.42	 	229	 -0.43	 5.56	 	267	 10.23	 8.65	 	257	

















2016	 is	 nearly	 vanishing	 (uncertainty	 on	 the	 partial	 column	 is	 6%).	 At	 Ny	 Alesund,	 the	 o-suite	
overestimated	the	stratospheric	ozone	concentration	with	more	than	10%	during	SON/DJF	and	this	
vanishes	during	summer	JJA.	
In	 MAM-JJA	 2015	 and	 2016,	 both	 MWR	 stations	 observe	 a	 significant	 (i.e.	 comparable	 to	 the	
measurement	uncertainty)	overestimation	of	the	upper	stratospheric/mesospheric	ozone	content,	
and	 the	 converse	 is	 seen	 during	 autumn	 and	 winter	 SON-DJF,	 underestimating	 up	 to	 -30%	 (Ny	
Alesund),	see	Fig.	3.6.3.	At	BERN	the	difference	between	o-suite	and	MWR	at	25-35km	is	negligible	
since	Sept	2015	(compared	to	the	MWR	profile	uncertainty).	
At	 Lauder	 and	 Hohenpeissenberg	 (LIDAR),	 the	 o-suite	 slightly	 overestimates	 the	 observed	 ozone	

















This	 section	 compares	 the	 output	 of	 the	 o-suite	 for	 the	 last	 period,	 based	 on	 the	methodology	
described	by	 Lefever	et	al.	 (2015).	 It	 also	 compares	 the	model	output	with	observations	by	 limb-
scanning	satellite	instruments.	The	combination	of	these	comparisons	delivers	a	good	picture	of	the	




























































It	must	be	noted	 that	 the	different	 instruments	have	a	 variety	of	 spatial	 and	 temporal	 coverage:	
OSIRIS	 does	 not	 cover	 the	 North	 hemisphere	 from	 November	 to	 February	 and	 the	 South	
hemisphere	from	March	to	August;	 for	a	3	month	period	and	over	the	 latitude	bands	considered,	
OMPS	 and	 Aura	MLS	 (not	 shown)	 provide	 daily	 data	 with	 about	 105	 valid	 profiles,	 while	 OSIRIS	
provide	 about	 2500	 valid	 profiles	 and	 ACE-FTS	 around	 700	 profiles	 in	 the	 polar	 region	 and	 200	
profiles	in	the	tropics.	The	bias	with	OSIRIS	observations	(against	the	o-suite	but	also	BASCOE)	are	



























This	 quantitative	 comparison	 with	 OMPS-LP	 confirms	 the	 good	 agreement	 in	 the	 middle	
stratosphere	 while	 the	 lower	 stratosphere	 (<	 70hPa)	 reveals	 stronger	 discrepancies.	 The	
comparison	with	BASCOE	(which	assimilates	the	offline	Aura-MLS	dataset)	confirms	that	the	lower	

















































only	 constraint	on	 stratospheric	NOx	 is	 implicitly	made	by	 fixing	 the	HNO3/O3	 ratio	at	 the	10	hPa	
level.	 This	 assumption,	 in	 combination	with	 the	 changing	model	 settings	 for	 stratospheric	 O3	 for	
control	compared	to	MACC_CIFS_TM5,	may	explain	some	of	the	jumps	we	see	in	stratospheric	NO2.	
In	 any	 of	 these	 runs	 the	 stratospheric	 NO2	 is	 poorly	 constrained.	 It	 clearly	 indicates	 that	












observations	 shows	 that	 the	 previous	 version	 of	 the	 o-suite	 stratospheric	 NO2	 columns	 have	 a	
systematic	 low	 bias	 relative	 to	 those	 from	 MACC_fcnrt_MOZ	 and	 satellite	 observations	 for	 all	
latitude	bands.	For	example,	o-suite	values	are	a	factor	of	2	smaller	than	satellite	values	between	
60°S	 to	 90°S	 for	 October	 2013.	 Best	 performance	 was	 achieved	 with	 the	 MOZART	 chemistry	


























Biscarrosse	 (BIS)	 and	 St	 Denis	 in	 Reunion	 Island	 (STD).	 Initially	 we	 were	 extracting	 the	 closest	
continental	grid	box	for	each	site,	but	due	to	the	influence	of	local	emissions	(anthropogenic	and/or	
biospheric)	 this	 was	 resulting	 in	 an	 overestimated	 variability	 at	 diurnal	 and	 synoptic	 scales.	 For	
those	 three	 stations	 we	 are	 now	 using	 the	 closest	 marine	 grid	 box.	 This	 change	 has	 greatly	
improved	 the	 comparison	 with	 observations	 at	 FKL,	 and	 has	 little	 impact	 for	 BIS.	 For	 STD	 the	
situation	 is	 more	 complicated	 since	 we	 have	 to	 choice	 between	 two	 coastal	 grid	 boxes	 (Figure	
4.1.3).	The	eastern	and	closest	box	(#1)	improved	the	CH4	comparison;	whereas	the	western	coastal	
box	(#2)	improved	the	CO2	comparison.	By	default	the	gridbox	#1	is	used	for	the	model	evaluation.	
Figure	 4.1.1	 and	 4.1.2	 show	 the	 CO2	 and	 CH4	 comparisons	 at	 four	 selected	 stations	 in	 South	
hemisphere	(Amsterdam	I.),	North	hemisphere	(Mace	Head,	Trainou	tall	 tower)	and	 in	the	tropics	
(Lamto).	 The	 remote	 station	of	Amsterdam	 Island	 is	 the	 site	where	we	have	 the	best	 correlation	
coefficients	for	CO2	(0.90)	and	CH4	(0.89).	It	should	be	noted	that	the	change	of	experiment	(gf39	to	
ghqy)	 induces	a	discontinuity	 in	 the	 simulations,	 and	 so	may	bias	 the	metrics	 in	 a	 few	cases.	 For	
example	 the	 correlation	 coefficient	 for	 CH4	 at	 Amsterdam	 I.	 is	 significantly	 higher	 (0.98)	 when	
looking	only	 at	 the	 last	 experiment	 (ghqy)	 compared	 to	 the	 combination	of	 the	 two	experiments	
(0.89).		





an	 intrinsic	 feature	 in	 South	hemisphere	but	 can	be	explained	by	 the	more	difficult	 environment	






















the	mean	 correlation	 coefficient	 is	 equal	 to	 0.75	 for	 European	 stations.	 It	 is	 very	 similar	 for	 CH4	
(0.73)	 and	 there	 is	 not	 so	 much	 systematic	 difference	 for	 stations	 located	 in	 tropics	 and	 south	
hemisphere.	
In	 the	 last	 figure	 we	 have	 merged	 all	 European	 stations	 in	 on	 category,	 and	 all	 tropical/south	
hemisphere	 sites	 in	 another	 one,	 in	 order	 to	 evaluate	 the	 seasonal	 patterns	 of	 the	 metrics.	 It	





































Similar	 features	 are	 observed	 in	 tropics/SH	 for	 the	 gf39	 model	 experiment	 from	 December	 to	
February	2016.		
4.2 CH4	and	CO2	validation	against	TTCON	observations	
For	 the	 validation	 column	 averaged	mole	 fractions	 of	 CO2	 and	 CH4	 (denoted	 as	 XCO2	 and	 XCH4)	
from	 the	 Total	 Carbon	 Column	 Observing	 Network	 (TCCON)	 are	 used.	 Column	 averaged	 mole	

























documented	 in	 Langerock	 et	 al.	 (2015).	 The	 routines	 have	 been	 adapted	 to	 use	 the	 TCCON	data	
format.	
4.2.1 Evaluation	against	TCCON	CO2		
The	 data	 presented	 in	 the	 Figures	 4.2.1-4.2.3	 show	 a	 comparison	 for	 a	 full	 seasonal	 cycle	 from	
December	2015	–	November	2016.	At	Bialystok	 (Fig.	4.2.1)	and	Orleans	 (Fig.	4.2.2)	 the	difference	
between	 the	 model	 and	 the	 measurement	 shows	 a	 very	 similar	 seasonal	 pattern.	 The	 model	
overestimates	the	XCO2	at	both	sites	for	the	period	January	to	July,	when	the	CO2	is	declining.	From	
August	 to	November	 the	model	underestimates	 the	CO2	at	Bialystok.	For	Orleans	 there	 is	a	good	
agreement	between	model	and	measurement	for	the	period	August	to	November.	Only	the	short	
term	 variations	 during	 the	 minimum	 are	 stronger	 in	 the	 model.	 Variations	 in	 the	 XCO2	 are	
dependent	on	large-scale	flux	pattern.	These	variations	are	largest	when	the	north-south	gradient	is	
large,	which	 is	especially	 the	case	during	June-August	due	to	the	strong	boreal	uptake	during	this	
time	 of	 the	 year.	 Therefore	 the	 largest	 short-term	 variations	 in	 XCO2	 are	 expected	 during	 these	
months.	 A	 reason	 for	 the	 larger	 variations	 in	 the	model	 could	 be	 a	 too	 strong	 CO2	 north-south	
gradient	in	the	model.	A	TCCON	site	at	higher	latitudes	would	help	to	determine	the	reason.	
At	 Reunion	 (Fig.	 4.2.3)	 the	overall	 agreement	of	 the	 annual	means	 is	 good	but	 the	model	 shows	
























worsens	 significantly	 from	 September	 2016	 onwards.	 Between	 September-November	 2016	 the	
model	underestimates	 the	 seasonal	amplitude	by	about	1%.	At	Reunion	 (Fig.	4.2.6)	 the	modelled	
values	were	 systematically	 too	 low	between	December	2015	and	February	2016.	This	problem	 in	
































The	 full	 episode	was	well	 predicted	by	CAMS	o-suite	 as	 it	 is	 showed	 the	 comparison	of	 the	dust	
aerosol	optical	depth	(DOD)	predicted	by	CAMS	o-suite	and	observed	AOD	by	MODIS	from	6th	to	9th	
November	2016	at	12UTC	 in	Fig.	5.1.2.	The	model	could	predicted	the	arrival	and	the	moment	of	














































rapidly	 increasing	CO	over	 this	 region	 starting	 from	September	18	and	eastward	 transport	 across	
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